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, ABSTRACT ^ • ^ * - 

Thi,s study* inv.^stigated the cognitive and behavioral 
functions associated with iron deficiency anemia in infants and 
toddlers and the short-.term* effects o£ therapy on such behaviors.* 
Subjects were 24 iron deficient and anemic infatts, 9 to 26 months ^ 
old. The stfbjects were randomly assigned to a treatment or control » 
graup. The Bayley scales of Infant Development were administered 
before the,, institution Qf treatment with Intram-uscular iron or 
placebo, an|ii,the test was readministered in 5 to .8 days. Children, 
treated with iron showed a significant increase, Compared to the 
controls, in their scores on the Hental Development Index. The 

, treated group also became more -alert and responsive and demonstrated 
imptovement in tests of gross -^and^ fine motor coordination. These 
findings support the hyffothesis that iron jdeficiency in ipfants 
produces developmental alteratio^ns and that these changes ^re^tapidly 
i^eversible with iron therapy. (Au*thcr/SB) . -s^ 
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Abstract 

A recent HEW report has suggested that iron deficiency anemia 
" may affect 15-20% of children, under- 18 years. Young children ■ from - 
low income families roay beparticularly viilnerable to developmental 
^effects such as- irritabi/ity a^d^ attentional and cognitive deficits'^ 
which have been clinically reported in iron deficient subjects. The 
present study investigated both the cognitive and behavioral func- 
tions associate d^with iron, deficiency anemia in infants and toddlers 
and the shortrterm effects of therapy on such behaviors.' The" subjects 
were randomly assigned tq a treatment and control group. The Bayley 
Scales of Infant Development were administered before the institution 
of treatment with intramuscular iron or placebo and the test was 
readministered in 5 to <8 days. Children treated^with iron showe.d 
•significant increase', compared to the octrois, 'in their scores on 
J:he Mental Development Index, averaging a mean g^in of 13.6 points in 
a mean time of 6.8 days. The treated group was ' also found to become 
more alert and responsive and demonstrated improvement in tests of 
gross and fine mot^ coordination. -These findings support the hypo- 
thesis that iron deficiency in infants producer, developmental altera- 
tions and that these changes are rapidly reversible witrf iro^ therapy. 



Developmental Scores' 

.Developmental Scores of Iron DefifSIenl^ Infants 
and the Effects of Tharapj 



^ I^oa an'ttnla is a condition which may often go undiagnosed In 
routine pediatric examinations. . tet some reports 'have' suggested 
that Iron deficient subjects have paychological deficits, such a$ 
Itme^ IQ scores^ decreased attentiveness» restricted petpeption^ 
and impaired performance on measures of latency and associative 
reactions (Hovell^ 1971; Sulzer» Wesley & Leonig» 1973). Id a 
recent atudy» young adolescents who vera iron deficient were ^ 
,found to be more disruptive^ irritable and restless in the class** 
room and to score lover on tests of academic, performance than ^ ^ 
their nott-uemic controls (Webb & Oski» 1973, 1974). \ For some 
years» physicians have had thi^ clinical impression that irrita- < 
bility is one of the characteristics of, the Iron deficient ^subject 
(Mauer, ,1969). 

Studies to date vhlch have attempted to link iron deficiency 
anemia vith negative psychological and behavioral findings have 
dealt vith populations of older childrei^ and adolescents* In 
addition, all^iron anemia cTtudic^^ have been criticised as suffering 
from serious flai^\in experimental design (Pollitt 4 Leibel^ 1976); 



If the behavioral ef^acts oi irdn deficlexicy anemia are 
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proaliwmt wa4 negatlv^^ then the i3^>ortaiice of directing research 
effortsv to population of very young children can better b« 
underatood. Eaotlonal and cognitive development are c;^o8ely Inter^ 

. ; • A 

related In Infancy infill. 1970; LaUy 4/qnlg. If75; Kohlberg. 1%8). 
Thus^ dlafcurbancet In emotional bel^lora or attention span vhlch 
> have been attributed to Iroa deficient subjects nay quite possibly 

entalX Impairment In cognitive devel^opnental functioning as well. 

In the present study^ ve have chosen to study cognitive and 

* » 

eaotl/nal behaviors In a sample of infants Identified as Iron 

I 

deficient In the course of their atteitdance at a hospital clinic 
tba^l^rves a lov-lncome population. Such a ^pulatlon may be 
particularly vulnerable to dietary deficiencies vhlch can lead to 
Iron anemia. The purpose of the study was to Identify any develops 
mental deficits associated vlth Iron deficiency anemia and to study 
effects of treatment on cognitive and emotional functioning of 
• the Infants. \ . * ^ ' , 

' Method > . ' ^ 

Subjects V , ♦ 

Tventy--four Infants (nnglng In age from 9 to 26 months) vera 
ftelicted for study from the Pediatric Ambulatory Department a,t the 
State' University Hosplul of the Upstate Medical Center In Nev York 
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State^ Occupational^ status of the parents vas quite slrtilar for all 

infant*. . Most of thtftpaxeatB were unenployed. The others held 

k unskilled or semiskilled )obs such'as factory packer or vaitf ess. The 

mean nimber bf year^i of education for the parents vas 10.6. 

All sublects were iron d.f'icient and anemic ki Judged by the 

following cxlteria: hemoglobin of * less than 10.5 gli/<ll; MQT^ of 
* 3 ' 

73 ji or less; serun iron concentration of 50 ygram/dl or. less; and 

seruii transferrin saturation of 12Z or less. All subjects were free' 

of intercurrent illness 4t the time of study, and none had «a recognize- 

*^ble chronic illness. All had blood lead concentrations of less than 

30.pgiii/dl. Dietary -histories of the Infants in this study Indicated 

tliiit all infants were bottle fed and none had been breast fed. 

After obtaining l^ormed parental consent, *the iron deficient 

Infants were randomly assigned either to the control group or to 

the experimental group in. accordance with Campbell andl Stanley* s ' 

-(1966) Pretest«-Po8ttest Control Group Desiga 4. 

• ' • • • 

As can be seem in Table 1> the control and experimental 

i 

Insert Ta,ble 1 about here 



- • — — ^ 

groups dld'faot differ with respect to sexuai or racial coaposition 
or aean education levfsl attai^ned b]^ parents. The range of aat^rtsl 
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\ ' * \ . • • . . ^ . o 

~ ( education differed somevfaat due entirely to one cpntrol aot^r vho- 

had had no formal schooling** The control and ^experimental groups ' 

* were similar with respect to, age» weighty dLsdtlal hieaogloblti conceit* 

^ ' tratlonr red c^etlrMCf ^-senps Iron and percent transferrin saturation. 
$ 

Mean number of days elapsing^ betvee^test and ret est differed 
somewhat between the Aro groups due entirely to one control Object 
whose parent was repeatedly unable to keep appointments so that the 
re test Interval for that child was 30 days. ^4 
Procedures 

Hematologic determinations for each Infant were performed on a 
Coiflter Counter » Model S. Serum Iron and total Iron binding capacity 
were performed by the method of Jung and ^arekh (1970). 

All subjects had two psychological examlnatlops ^th the Bayley 
Scales of * Infant Development (Psychological Corpora tlon^ 1969). 

- 

' Both the Mental Scale^and Motor Scale were admlnlatered^ and the 
Infant Behavior Record completed at eadh pre and posttestlng * 
session. During every e^mlnatlon^ at least one parent was 

present. Every effort w&s made to maintain optimal^ testing conditions. 

/ ' • 

When necessary^ this meant bottle feeding the Infant or spjepdlng^ 
sufficient time to helf^the Infant feel fully at ease In the ' 
, testing situation prior to examination. Heather' the examlnefr (ASH). 
. qpr the nurse who later administered Injections was informed 
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As to which group any infant belonged *untll^the test-ret^st battery 
was completed poid the Bayley protocols had- n scored, 

^ Following the :^nitia^ psychological testing, in order to con- 
trol for any iin3aiown effects of aIr^injection procedure, the con-trol 
group* received a placebo of sterile saline intramuscularly while 
the experimental group^ received an intramuscular injection of an 
iron-dextran complex, Imferon. J^e dose 6f intrajmiscular iron was> 
calculated to provide sufficient iron- to raise the hemogtobiiT* level 



to 12 gm/dl and provide extra iron to' repleaish body iron stores • 
Appointments were made for parents to bring their children' back for 
a second visit within 5 to 8 days of' the initial testing visit. 
During the return visit, injtiediately after 'the psy^o logical exam- . 
ination, subjects who had initially received the placebo were also 
treated with intramuscular iron. 

Results 

geveiropmental Scopes . • 

Initial Bayley scoifes for' the Mental Development^ Index (MDI) 
and the Physical Development Index (PDI) were similar in the two' 
groups (Table 2). following iron '^terajiy , tl^^^perimental group 



?jisert Table 2 'about her* 



tl^^j 
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1 : - 

deaonstrated a significant meiux gain of 14 pqlAta (p "i^iOl) on their 
MDI. A t tea^.of the Control group* s gali^of 6 MDI points on retfest 
Was not significant. t test of the «ean difference In test«^ 
) retest scores ketveen exper4ment§I and control Infants'on the Hental^ 
Developnent Ind^ was significant at p <.0S lev^. For' the Physici^ 
Dfev|Iop9^nt Index (PDI) there was a mean gain of 11.4 points for 
experlaental infants; A t test Indicated that this dlffer^e did 
not reach statistical significance (p « .10) aAd neither did the 
control^ groap*s mean rete'st gain of 3; 7 PDI points. 

In the exi^rlaental grbilp» 8 of the 12. subjects gained an ' 

Increase o^lO or aore.M^I points on the retest »^ while only 3 of 
the 12 ^n^rol subjects re giste^d'such^ an , Increase (p • .OS). 

Thus» on the Ipfant developmental tests^ the eitperlaental group 
clearly iiv^oved in cognitive scores » in comparison^ to^their non«- 
treated controls^ within one %reek of receivin^^ ^ron treatment. 

In order to ched: further into the relationship between . . 
iron anemia deficiency and the changes observed in cognitive 
function^ a Pearson correlation^ coefftclent wai computed between 
the magnitude of the MDI change scores frcp pre to post test' and* 
the magnitade of the initial he|poglobin level. No relationship 
between change in score and Initial henogloblii level was found 
tot control liifa2ti|.. In contrast^ there was a strong" inverse^ > 
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. . correlatlpn in^he fron' treated group-^betveen magrti-Ptide of increase 

in scores apd- initial hemoglobin level (r= -0.72,' p=» .01). 

^ • • ' Since t^ie-initiil.iSt^tus of severity^f, iron^ deficiency was unknown 

to the tester, thi^ correXfetiori agaiff^tends to conf trm 'that iron 

'^^^^apy m^'^be responsible fo^ positive changes in developmental 

test^ scores, particularly for those infants who, are initially • i 

^ ^ { , * - • . 

• _ most severeljr at l^sk flor^i«^n lieficieaicy ^emia. • . 
Behavioral^ Scores- '<^^-, ' • . 

^ ^ ' Spe^f\c ^items aa the Bayley Infai>t Behavior Record were 

^' analyze^, t(j> pirpvide information about noncognitive beliavioral * 

• ^' areas' wher^ decrement in- functioning. hasUieen clinically sus- 
* ■ , 'pected. . ^ • ? . f - . ' V. 

Since -irrrbabllity has been identifi-ed clinically as a 
possiMfe concomitant o^fjiron defi?;i^cy, an ^alysis of Bayley\ . 
*. item 15 (Reactivity) is of particular interest.- I^f&n"^^ are 

» * . rated as -underreactive (scores 1, 2, 3, 'i^), normally alert 

and responsive teethe, test situation and materials* (scores 5, 
• * 6, 7), or 'overreact ive anti overly sensitive to stimuli in 



the. test situation (scores 8, 9): Tlie majolttty of the Iron, 
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deficient infants in both groups did not achieve pretext 
}scores of 5^ 6, or J, which represent the normal range' 
and the modal * score' nationall:jr for infants in the age group 



J 



of pur sampl^ Table 3 sl^ 



ows that there were positive 



Insert Table 3 aboujb here 



changes from^pre to' posttest amo,ng the experimental infetnts - 
. such that ratings of h of the 12 experiment af infants ^ 
• changed^ from abnolhnj&lly reactive on the pretest, to , ^ 
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normal alertness and 'responsiveness at posttest. Only 
"one <5f the 12'' controlr inf aqts received either q pretest ^ 
or a posttest rating in this normal range. On the • - , , 
posttest, very, low reactivity * to test stimuli and, in 
.one, case,, oyerexcitability characterized the responses 



V *5f 11 of. the 12 conti^Ql infants. Only four of ^e 
.experimental infants were scored as rather insensitive 

to^the ufeual test stimuli, aiid none was^ scored as ove'r- 
""reactive on the posttest.* .The ^^sljier's exact .test 

probability fer these differences is p, » .Ol8. >• \ 
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Bayley Item 12 (Attention SpoA) was "also- amalyzed ^ince this , 
behavioral phaiTacteristic* has 'been cited^^s affected by iron defi- 
ciency anpmia. Bayley norms* indicate that' nationally more thein 
80% of infants in the, age Irange of our ^sairple ^^ttain axj ade^ate ^ ' 
or s^iperior ratjj^n'g of attention spain (a shore of ^ox highear on' 
the nine point scale). , On the protest, 10 of the' 12' coi^trols aijd 

. ^' 

6 of the 1*2 experimjpntals scOted below the* niodal national scorfe of 
• ' '* * 

* ' ' ' ^ ^ ' ' / 

S. ^ Thus, theSQk data are somewhat supportive df the hyjJothesis 

■ .• * ^'v- " • •. 

•that iron* deficiency is. associated with impaired attention^ spain. 

V \ * • • • ' 

ftoweveV, on posttest, ^^ontrols and 5 ex^erimentals" stall scored 

below 'the national mode. -Thus, our results do i4ot support the- 

w ' ' ' . ' . . ' . , ^ 

^►hypothesis that iron therapy leads profttptiy ta behavio^l^changes 
toward increased adequacy of attention si^hir in infamts. 

Int'^resting changes in the motoric conpetence df the ipfaints 

were reflected in the scores for Bayley Scale 26 (Coordinatioa of 

G];pss Muscle Movements) and Scale 27 (Coordina\:i6n of, Fine Muscles) . 

• • * J / - ' • ' ^ • • , 

Half o^S:he infants in eacji group received a p^or^^oss motor rating 
dn the pretest (that is^, scores, of 4 or 5 on a 5 point Scale where ^ 
5 was tl>e poorest amd '1 was the best coordination score). -On the 
posttest, this ratio remainfed xhe same for ^ the ^control group^ but ' 

\ •• - ■ 
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' only two' of the -12 experiment als still performed -at the pooi"- 
est leue.ls with respect, to gross^motor coordination 

"Ghanges in the fine motor coordination ratings^s a functijfifh^ 
' - , * • • % 

of iron Iheyapy were, equally J^ntersting. Seven controls and sfiu.**^ 
expe^mental infants on the pi^test attained* the poorest sco|Pe^ 
5 (on a 5 potnt scal>^'where 1 is the best scp^e). On the posttest, 
only'l experimental infant, in ^contrast -'to $ controls/ Bt 1^1 re- 
' . ceiyed the poorest score P = .02). Thus/ our data 

do suggefet a tendency for iron anemia to, be -assoQiated with 
coordination deficits. Clinically, for lexample/' this could be^ see^ 
the qase of One infatit.who persisted but was hot able to plade"'* ■ 
r one J:)lock atop another in the pretest but VrLthin a week after iron 
therapy was able to build a three-b-ldck tower. ' ' •« 

. , ? Discussion *' 

This study demontr^lted that- treatment.' of iron deficiency in 
young children produces a quantifiable improyemeht in measures of 
psychological pu^rformdnce within one week. Imprpvement wa6 par- 

ticularly found on the Mental DeveJ-opment Ind^x of 'the Bayley . 

t . . s:^ 

, Sc^Jes of Infant Development. . ^ . ^ 

There was also an increase in the ^number .of experimental 

infants characterized as normally reactive and alert to the tedt 
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atlmuU. 'and situation on the pdsitest^ The pretest scores of' a " . 
majority of .the iron def lcj.ent infants were predominantly under- . « . 
.reactiye. This lack of reactivity to test stimuli could^be in- 
terpreted as ccHiti^dictory to. the "irritable reactivity" mentioned 
so prominently^ as a clinical "indicator of iron anemia d-eficiency. 
HoVever/clinical,iTritability.does'Tiot Preclude a relative, 
"tuning out"»by infants of thet tas.)<s and presentations of the 
te-st£ng situation. Indeed; during the examinations,^ a lot |^re. 
eff<Jrt was often required by the tester to indilc© iron, def icient - - ^ 
infants, to respond to the test toys vhich are generally highly 
attra«!^ive . to infants. .The iron -deficient chj^ld has been dlinically 
characterized not only as "irritable" but also ag "listless" , - - 
and typical ly showing > lacic' of interest in surroundings" (Mauer, ^ 
1969, p. '205). Thu^ the present findings are consistent, with ^ 
' clinical medical juSgneats. • ^ 

^ ' ' Whether the f indlijgs of signii'icarvb improvement, .following iron 
therapy, in overall gross and fine motor coordinations, are more 
thaft^a chance occurrence among 29 Bayiey Behavior Record items ^ - 
scored, will need to be evaluated in furthef studies of "iio?. -def icient 
infantV. r ' \ . * , ' ^ 
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The seriousness of the problem of iron deficiency, as it relates 
to child development must be considered in the light'Of recent . 

* 

assertions by the United States Department ef Health, Education -and 
Wdlfare (l972; that approximately *15-20% of children in the United 
States*under the age' of 18 years are iron deficient. The incidence 
of iron deficiency is highest airong lower socioeconomic groups • 
, Infants one to three years of age are -particularly vulnerable since 
caregivers may not: be aware of ¥the nutritional needs of infants for 
iron in the diet. Also, high irritability plus lack of responsive- 
ness to preferred to^s and games* on|pi^ part of the iron cinemic 
infant may adversely affect_ the quality of adult caregiving and 
'social, interactions the V^fant^ subsequently receives. This distc^c^^ 
tion in^ the caregiving pattern can place an infant even further 
deyelopmen tally at risk. Some support for long range effects of 
deficit have been r^por^ted. Cantwell (1974) found that children 
who were iron deficient between 6 cind 13 manths of age w^re found 
at 6 to 7 ye^^fs of age to be more clumsy, less attentive, arid more ^ 
hyperactive than * a similar gro^up of children who were nqt iron de- 
ficient during the first Vyears of life. 

Our study suggests that /deficits in cognition and emotional 
reactivity may be rat>idly reversible if treated during the first - 

/ 
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^So years of Ilfii*^ ?urthftr research oinreater mnDbers of Infants 
is needed to conflra this finding- CertalnJ^ it also renains to 
be dettc^trated if deficits are alvays ^orrectlSle after ioj||^t^s 
Iron deficiency* Certainly^ it would be entlsieiy nnethicat to 
deprive a control group of iron therapy for a lengthy time p^od. 
Thus it is difficult to speculate on the question of vfaether rapidly 
rc^versible effects are sustained among experisental infants in 
comparison to'controls* Whether thfe effects of iron therapy are 
sustained over a lengthy^ time period among treated sabjects is 
also of interest. . Follo»*up datfc of this nature vere^ however^ 
not available for these children, ta any* case» the iaplicatlobs of , 
this study should alert c^e->givlag personnel to the importance of 
ea^ly checfcMips for lron«deficiency anemia among infants^ 
particularly vfaeie developmental growth patterns do not appi^ ^ 
optimal. , ' * 
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SiCy» or Heaa Cell Yoluae^ Is a aearore of the. size of the red 

r 

cells. Fatients vfth^ iron tlef icleacy aneala have saall 
i;ed cells. 

^I'ansferrin 1* the^£|/otein In the blood that tra^ports iron. 

k loy senm traasferrlnHsaturatlcm i^fcates prjssence of. 
iron deficiency. 
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Characteristic 
Sex • , 

Male 

Female 

Race . ^ 

Bl^ck 
White 

Mother's Education (years) 
Fathet^s Education fyears) ^ 
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Table 1- ^' ^ 

.Initial Characteristics of the 
Control and , Experimental Groups 

r-r - - 

•experimental (N = ^^12 



V7eight (kg) 



Age (months) 



Hemoglobin (giVdl) 



Serum iron (ngin/dl) 



/ 



Control (N « 12) 

8 * 
4 

if 

6 

10 

(0 - 14)' • 

13: 

■(10._- 13) 
11.30 + 1.32 
12.4) 



14.37 +3.45 
(9 - 19) 
8.95 i JO. 86 
(7.6 - 10.1) 
25.3 + 12.0 
(6^- 39) 



8 

4 , 

6 
6 

' 10.5 

(7 r- 13) 

, ■ 11.1. 

(9 - 14) • 
11.94 + 1.'37 
(7.9 - 12.8) 

16.29 + -3.57 

r 

(12.5 - 26) . 
8.73 + 1.D9 

(6.2.- 10.3) 

> 

25.8 + 11.3 

■ (13 - 51) 



(Tafcle 1 cont'd.) 
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Characteristic 



LSt^< 



T.ransferrin saturation (%) 



MCV (H ) 



Days to rete^t 



Control (N = 12) 

5.41 + 2.7 . 

(l - 11) 

' 60.0 +' 6.5 
(54^- 73) 

9.75 + 6.6 

.(6 - 30) 



Experimental (N 
4.95 + 2.0 
; (2 -B) 
56.6 + 5.^ 
67) 

6.8^ + 1.5 
(5 - 10) 



= 12) 



# Values represent; mean plus or,ftdnus one standard deviation. 
Values in J^ai^^en theses represent range values. " '"^ , 



y Developmental Scx^res 



\ Table 2 * 

^ • *> 

:% - 
Bayley Test Scores 
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I 



n 



Group and Test * Pretest Posttest 

Control ' * 

Mental Development Index 90.58 +^ 15.00 96.66 +^17.36 

^ (64 - 112) (68 - 126) 

r 

Physical Development Index ^93.08 4% 16»15 ^ 97.^25 +^ 17.21 

^ (61 - 110) ^ (65 -* 119) 



Experimental 

** " * ** 

Mental Development- Index 96-. 25 +_ 9.82 109.83 + 9.18 

* (83 - 116). (97 122), 

Physical Development Index 96.41*+ 12.68 107.41*_+ 14.06 

(76 - 1'18) (85 - -125) 

^alqes represent mean plus or minus one standard deviati 
Values in parentheses represent ^range of al,l values. Wff 
> , *£ .10 _y • ' . 




' TABLE 3 



Chaxiges from Pre %a Posttest- in Reactivity g^res ^ 
on th^ Bayley Infant Behavior ^Record 



\ Bayley ilating ^ 

(Unreactive ; * responds only to 
strong, and repeated stimulation 
idjth test materials and 
pfcsentations . ) 



Control Group 



Pre 
11 



Post 



10 



Expe rlm^nt^ jSreup 



Pre 

7 



Post 



' , - 5-, i;^, T 

(Moderate to quitft aj-ert and 
.responsive. ) -.^"'li . ^ 



8- 



8,-9 

(Overexci-^able ; startles 
qificklyj ove5i^ sensitive to 
stimuli* ) 



/ 



